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Available online 16 September 2015AbstractObjective: The aim of this study was to discuss the radiographic manifestations of type-II diabetes mellitus (DM) in patients with caseous
tuberculosis (TB).
Methods: We performed a retrospective analysis of the chest radiographs and CT scans of 18 type-II diabetic patients with caseous tuberculosis,
treated at Zhongnan Hospital, from January 1997 to December 2012.
Results: Eighteen cases of type-II diabetic patients with caseous tuberculosis (DMTB) showed different degrees of cough, cough phlegm and
hemoptysis. Imaging performance: All eighteen cases showed big flake and multiple small pieces of integration high-density shadows. All showed
caseous pneumonia, and two cases also showed atelectasis. CT examination revealed a number of small hollows in the lesions. Fourteen cases of
the lesions were in the right lung, one in the left lung, and three cases in the bilateral lungs. Six cases were confirmed after Sputum examination or
bronchoscopy, eight cases were confirmed one month later with a variety of ineffective treatments, and the rest were confirmed through operation.
Conclusion: Type-II diabetic patients with caseous tuberculosis mainly showed consolidation and atypical lung field lesions on chest radio-
graphs. Becoming familiar with these features will be helpful to imaging diagnosis of DMTB.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Beijing You’an Hospital affiliated to Capital Medical University. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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There are about 170 million patients globally with diabetes.
This number may double by 2030. And, tuberculosis (TB) is
also a major global public health catastrophe [1,2]. The
convergence of the two epidemics may lead to an increased
incidence of TB [3]. In recent decades, TB has increasingly
become a problem in low-income countries, particularly those
with HIV epidemic [4]. While the TB risk conferred by* Corresponding author.
E-mail address: Luzy100@163.com (Z. Lu).
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Capital Medical University.
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open access article under the CC BY-NC-ND license (http://creativecommons.org/diabetes is lower than HIV/AIDS, its high prevalence makes it
comparable to HIV/AIDS in terms of global population-
attributable TB risk [5]. Thus, TB in diabetic patients will
become an increasingly important problem.
A high index of suspicion and prompt investigation of
diabetic patients with signs and symptoms characteristic of
pulmonary TB may allow earlier diagnosis and treatment.
However, non-specific clinical manifestations of pulmonary
damage may affect correct diagnosis and timely treatment [6].
As a result, imaging diagnosis of TB with DM is getting more
and more attention. The author collected 18 cases of DMTB
data in Zhongnan Hospital to explore the imaging manifesta-
tions in patients with DMTB.of Beijing You’an Hospital affiliated to Capital Medical University. This is an
licenses/by-nc-nd/4.0/).
Table 1
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Basic information for the 18 patients.
n 182.1. General information
Age (years) Median (Range)
52 (17e75)
Gender
Male 13 (72.22%)
Female 5 (27.78%)
X-Ray examination 18 (100%)
CT routine examination 14 (77.78%)
CT contrast examination 7 (38.89%)
Pathological examination 6 (33.33%)
Fiberbronchoscopy examination 4 (22.22%)This study was conducted at Zhongnan Hospital which is a
2000-bed, university-affiliated teaching hospital in Wuhan,
Hubei Province, and was approved by the institutional review
boards of the hospital. The medical records of patients
admitted between January 1997 and December 2012 were
searched to identify all confirmed cases of DMTB. Among
them, the main criteria for hospital admission of TB patients
include sepsis, hemoptysis, respiratory failure, advanced
malnutrition, and pleural effusion. All patients who had un-
dergone X-Ray, CT examination, Fiberbronchoscopy or path-
ological examination and who met the criteria for diagnosis of
TB were eligible for this study. The diagnosis of DM was
defined as clinical manifestation and laboratory examination,
the diagnosis of TB was defined as radiographical evidence of
active pulmonary infection, confirmed by Fiberbronchoscopy
or pathological demonstration of the organisms from lung
biopsy specimen.2.2. Inspection methodsX-ray was operated on front and lateral chest radiographs;
CT scan was operated on 14 patients, including the routine
scan and the contrast scan. Routine scanning of the entire lung
was performed with 16  1.5-mm or 32  1.2-mm collima-
tion, Contrast CT examination was performed in patients with
the non-ionic-iodine contrast agent Iopamiro, by means of
automatic injection (2.5e3.0 mL/s) after 40e45 s of injection.
Window settings were modified on all images to optimally
assess lung parenchyma (window level, 500 to 700
Hounsfield units [HU]; window width, 1000e1500 HU) and
mediastinum (window level, 30e50 HU; window width,
350e500 HU).2.3. Statistic analysisMeasurement datas were manifested using
mean ± standard, correlations between different CT abnor-
malities were analyzed using the Spearman test. Statistical
analysis was conducted using SPSS 16.0. Significance was
defined as P < 0.05 with two-sided analysis.
3. Results3.1. General characteristicsThe medical records of 18 consecutive adult patients with
DMTB detected in the period from January 1997 to December
2012 were selected, including 13 males (72.22%) and 5 female
(27.78%) patients, aged 17e75 years old. The patients' basic
information and characteristics are summarized in Table 1.
Chest plain film examinations were conducted on all 18 pa-
tients (100%), CT examinations were conducted on 14 patients
(77.78%), including 7 patients (38.89%) did the contrastexamination. Fiberbronchoscopy examination was operated on
4 patients (22.22%), and pathological examination was con-
ducted on 6 patients (33.33%). Anti-inflammatory treatments
for the 8 cases one month which were suspected as pulmonary
inflammation or cancer were invalid, then we tried to carry out
anti-tuberculosis treatments, and it is effective.3.2. Imaging examinationThe group of eighteen patients all showed caseous pneu-
monia, X-ray showed big flake and multiple small pieces of
integration high-density shadows with edge blur and lightness
(Fig. 1a), CT showed irregular regiment massive increase with
no enhancement (Fig. 1b). Two cases of atelectasis, one of
them presented large consolidation shadows with air bron-
chogram (Fig. 2). CT scanner revealed a number of small
hollows and obvious air bronchogram in the lesions (Fig. 3).
Position of the lesions (Table 2): fourteen cases of lesions were
in the right (Fig. 4), one case in the left lung, and three cases in
the bilateral lungs.3.3. Fiber-optic bronchoscopy examinationFiber-optic bronchoscopy showed inflammatory change
and epithelial hyperplasia in all cases (Fig. 5).3.4. Pathological evaluationAlthough we had done pathological examination in 6 cases,
only 3 cases were positive, showing granulomatous inflam-
mation with caseous necrosis (Fig. 6).
4. Discussion
Some of the observed manifestations of DMTB may be
related to a decrease in the immune system functions. It is well
known that diabetic patients have an impaired T-lymphocyte
function, including a delayed adaptive immune response to
Mycobacterium [7]. In some studies there was a higher prev-
alence of positive acid-fast bacilli sputum smears in the dia-
betic patients [6,8,11]. This may be because TB and DM
comorbidity favors a reduced capacity to control infections.
Zhang and colleagues believe that diabetic patients have a
higher bacillary burden [9]. Another reason could be attributed
Fig. 1. Secondary tuberculosis: a) quasi-circular high density shadow in the upper right lung field, around the high density shadow there are many little points in
flake. b) Irregular high density shadow in the posterior segment of the upper right lung, pleural thickening, diaphragmatic tenting.
Fig. 2. Patient, male, 47 years old. a) Pulmonary atelectasis in the right upper lung. bed) The posterior segment of the upper right lobe showed irregular soft tissue
density shadows with air bronchogram. Mediastinum located in the center, and there are many lymph nodes. Pulmonary window presented patchy shadow with
high density, with mottled high density shadows around it. CT enhancement showed the mass moderate reinforcement.
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disorders [10]. The incidence of TB relapse is higher in dia-
betic patients [18], as is the frequency of multidrug-resistant
TB (MDR-TB) and extensively drug-resistant TB (XDR-TB)
[8,15]. As we all know, the emergence of MDR and XDR
strains of Mycobacterium tuberculosis are issues that highlight
the reemerging TB crisis [20]. This suggests pulmonary TB
patients complicated with DM may need to be treated witha longer and more intensive anti-TB regimen and be carefully
followed-up for MDR-TB.
The impact of DM on the radiographic presentation of
pulmonary TB is important because misinterpretation of the
images might delay appropriate diagnostic tests and the start
of treatment, thus risking the dissemination of Mycobacterium
tuberculosis to others. Our study showed a significantly higher
frequency of consolidation and right field lesions on chest
Fig. 3. a) There were many small hollows in the lesions, gas-fluid level could also been seen. b) Within the upper right lung we saw large soft tissue mass density
with air bronchogram.
Table 2
The focal distribution of DMTB in imaging manifestation.
Position of the lesions Case numbers (n ¼ 18)
The right upper lung 8 (44.44%)
The right upper and middle lung 3 (16.67%)
The right lower lung 2 (11.11%)
The right lung lobe 1 (5.56%)
The left lung 1 (5.56%)
The bilateral lungs 3 (16.67%)
Fig. 4. Patient, male, 56 years old. a) Secondary pulmonary tuberculosis in the doub
shadows in the right upper lung with air bronchogram. Pulmonary window presente
in the center, and there are many lymph nodes.
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favored it [12e14]. Thus, clinicians must exercise caution
when interpreting radiographic evidence of TB in diabetic
patients due to the possibility that infection may take hold in
an atypical location in the lung fields.
Through the study of the case reports, we know that while
the manifestations of DMTB is not typical, we can conclude
some characteristics: (1) it is more common to find that thele superior lung with lower right pulmonary diffusion. bed) Irregular soft tissue
d patchy shadows with high density, the edge was blurry. Mediastinum located
Fig. 5. Neoplasm on the posterior segment of right superior lobe.
Fig. 6. (The tenth and eleventh group) Lymph nodes showed granulomatous inflammation with caseous necrosis.
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rate of cavity, mass, caseous pneumonia was higher in pa-
tients with DMTB; (3) the lesion occurred more in multiple
lobes, especially in the rare parts of general TB, like the
tongue lobe and upper of the right lung; (4) the lesion mainly
showed large-leaved substantive lung lesions, big pieces of
integration high-density shadows and air bronchogram. Thus,
when the imaging manifestation of a TB patient is like the
above states, we need to suspect whether it is combined
with DM.
In order to diagnose DMTB efficiently, clinicians need to
identify with the following diseases. (1) Identification with
pneumonia: Lobar or segmental consolidation without hilar
mass in the patients with a long course of disease is one of the
most characteristic findings for pneumonia. Clinically, symp-
toms generally induced high fever and shiver. Laboratory
findings in hemograms showed elevated white blood cell and
neutral cell counts. After a short-term treatment, the status of
the patients had improved. (2) Identification with lung cancer:
The imaging manifestations of DMTB usually do not have
swelling of the hilar and mediastinal lymph nodes. However,
cancer generally had hilar nodes enlargement. The mostimportant part was that DMTB usually had air bronchogram
while the lung cancer did not. (3) Identification with TB in
HIV-infected (HIVTB) persons: It had been observed that
presence of a cough for >3 weeks in HIVTB patients [17]. The
CD4 cell counts are lower in HIVTB groups.
5. Conclusion
Patients with tuberculosis have higher rates of glucose
intolerance than average [4], and tuberculosis will worsen
diabetic control. They usually showed consolidation and
atypical lung field lesions on chest radiographs, making it
more hard to diagnose. In order to solve this problem, we
conclude its imaging characters. Familiar with these features
will be helpful to imaging diagnosis of DMTB. The two dis-
eases influence each other, exacerbating patients' health con-
ditions. So, we must treat the two diseases together. First of
all, we will adopt comprehensive measures to control diabetes,
such as early usage of insulin. At the same time, we need to
actively provide effective anti-tuberculosis treatment. Tuber-
culosis can be cured with a long regimen of medicine, while
diabetes needs a life-long treatment.
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